INTRODUCTION {#sec1-1}
============

Heart rate (HR) depends on the patient's mood, physical activities, ventilation type, body temperature, myocardial contractility and myocardial capacity.[@ref1],[@ref2] During critical illnesses, patients have an increased metabolic rate in all types of organ metabolism. Maximum HR has been shown to indicate severity of disease and increased short-term mortality in critically ill patients.[@ref3] Cardiovascular diseases and other medical conditions have an increased risk of long-term mortality due to tachycardia, experienced among critically ill patients as a result of increased sympathetic activity, insufficient pain control or sedation, arrhythmias or pro-arrhythmogenic treatments.[@ref4]-[@ref6]

It is difficult to define a threshold value for HR because it must be individualized in the context of the patient's overall hemodynamic status and any pre-existing comorbidities.[@ref7] Numerous large, epidemiological studies have shown that elevated HR is an independent risk factor for mortality and morbidity in even healthy individuals with or without hypertension and in patients with CAD, myocardial infarction (MI), or congestive heart failure (CHF).[@ref8] Several large placebo-controlled trials have demonstrated that drugs which reduce HR, including beta blockers, can reduce mortality and morbidity in patients with acute MI or CHF.[@ref9]

It has been suggested that tight control of HR can improve outcomes in the ICU in different clinical settings, such as perioperatively during non-cardiac surgery and after myocardial infarction, sepsis, or perioperative stroke. Beattie et al. defined maximal HR as the upper range of HR and reported that in trials in which patients receiving beta blockers had a maximal HR of less than 100/minute there was a significant reduction in the incidence of postoperative MI, whereas in trials in which patients had maximal HR more than 100/ minute, there was no reduction in MI and the cardioprotective efficacy of perioperative beta blockers can be improved by achieving HR control.[@ref10] Ischemic events have been shown to occur when HRs increase to 100/min.[@ref11] In large cohorts of patients with acute MI, admission HR\>90-100/min has been associated with approximately 3-fold higher mortality compared with an admission HR\<60--70/min.[@ref12]

As described above, previous studies in potentially overlapping clinical settings have used different HR targets. Therefore, although intensivists are becoming more HR conscious, the target HR limit in a mixed population of critically ill patients is unclear. In this study, we hypothesized that a maximum HR of \<100/ minute within 24 hours of admission to a mixed ICU would be associated with decreased mortality.

METHODS {#sec1-2}
=======

Following ethical approval from the Hacettepe University Faculty of Medicine Interventional Non-Clinical Research Ethics Committee, files of all patients aged ≥ 45 years, since these were expected to have more comorbidities than younger patients, and who had been hospitalized in Anesthesiology and Reanimation ICU in the previous five years, were analyzed retrospectively. Patients were grouped according to diagnosis before and during ICU hospitalization, and surgical procedures. Patients' systolic (SBP) and diastolic (DBP) blood pressures, mean arterial pressure (MAP) on admission, cardiac, vasopressor and inotropic drug use during hospitalization and HRs were recorded. All beta blockers used were recorded. Hypotension was defined as \<90/60 mmHg, and if anemia was identified, the lowest hemoglobin value was recorded from the hospital laboratory database. The type of ventilation was also recorded if mechanical ventilation (MV) was needed in that period.

Patients were classified into two groups according to maximum (≥ 100/min, \>5 min measurement) HR within 24 hours of ICU admission. This maximal HRs were without beta blockade. Group I was constituted from patients with maximum HR\<100/min, while Group II was constituted from patients with maximum HR≥100/min. Admission diagnosis, medical history, concomitant relevant risk factors, mortality scores (Charlson and APACHE II), cardiac, inotropic and vasopressor drugs administered during the ICU stay were recorded for all patients.

All analyses were performed using SPSS (Statistical Package for Social Sciences, version 15.0). Normal distribution of the variables was assessed using the Kolmogorov-Smirnov test. One-way ANOVA or Student's t test were used to compare groups in terms of normally distributed quantitative variables. The Kruskal-Wallis and Mann-Whitney U tests were used to compare the groups in terms of nonparametric data. The paired t-test or Wilcoxon tests were used to compare repeated measurements with baseline values within the same group. Normally distributed parametric data were presented as mean ± standard deviation (mean ± SD) and non-parametric data as median (minimum-maximum) values. The chi-square test was used to compare categoric data between the groups. Parameters that were statistically significant at univariate analysis were included in multivariate logistic regression analysis of the dependent variable of ICU mortality. p\<0.05 values were considered statistically significant.

RESULTS {#sec1-3}
=======

Out of a total of 1200 patient files, only 850 with complete data were included in the study, since 200 patients were aged \<45, 95 were children, and 55 records could not be accessed or had missing data. Baseline characteristics of the patients are presented in [Table-I](#T1){ref-type="table"}.

###### 

Demographics and characteristics of ICU patients (n=850)

  ------------------------------------------------ -----------------
  Age, years (mean ± SD)                           63±12
  Female/male n (%)                                407(48)/443(52)
  Max admission HR (mean ± SD)                     94±19
  Min admission HR (mean ± SD)                     68±142
  Max HR after BB (mean ± SD)                      79±13
  Min HR after BB (mean ± SD)                      69±10
  Admission SBP (mean ± SD)                        134±25
  Admission DBP (mean ± SD)                        71±15
  Hypotension n (%)                                621 (73)
  Admission GCS n (%)                              
  3-7 n (%)                                        89 (10)
  8-12 n (%)                                       14 (2)
  13-15 n (%)                                      744 (87)
  Postoperative                                    736(86)
  Inotropsn (%)                                    65 (8)
  Vasopressors n (%)                               66 (8)
  Anemia n (%)                                     496 (59)
  Admission MV n (%)                               99 (12)
  Hospitalization MV n (%)                         79 (9)
  Length of ICU hospitalization (median\[5-95\])   3 \[0-120\]
  Length of hospitalization (median\[5-95\])       9 \[1-130\]
  ICU death n (%)                                  47 (5)
  Post ICU death n (%) Hospital death n (%)        30 (3)
  CHARLSON (ort ± SD)                              3.5±1.7
  APACHE II (ort ± SD)                             9.3±9.2
  ------------------------------------------------ -----------------

BB: beta blocker; HR: heart rate;

ICU: intensive care unit; SD: standard deviation;

SBP: systolic blood pressure;

DBP: diastolic blood pressure; GKS: Glasgow Coma Scale;

MV: mechanical ventilation;

max: maximum; min: minimum.

The data from the two groups, in which the patients with maximum HR\<100/min within 24 hour of ICU admission were compared with those with higher maximum HR within 24 hour of ICU admission, are presented in [Table-II](#T2){ref-type="table"}. Maximum HR value on admission was 83±11/min in Group I and 115±14/ minute in Group II (p=0.002). The use of vasopressor and inotropic drugs was higher in Group II than in Group I (p\<0.001). Anemia and mechanical ventilation were more common in Group II than in Group I (p\<0.005). Patients in Group II also had higher CHARLSON and APACHE-II scores and therefore stayed longer in ICU and in hospital and had higher ICU and hospital mortality compared to Group I (p\<0.05).

###### 

The comparison of the patients regarding maximum heart rates(\<100, ≥100) within 24 hours of ICU admission data is presented as mean ± SD, median\[5-95 confidence interval\] or frequency (%).

                                                   HR\<100 in ICU n=563   HR≥100 in ICU n=287   P
  ------------------------------------------------ ---------------------- --------------------- ------------
  Age, years (mean±SD)                             62±10                  63±13                 0.004\*
  Female/Male n (%)                                306(54)/257(46)        85(15)/202(36)        0.040\*
  Max admission HR (mean±SD)                       83±11                  115±14                0.002\*
  Min admission HR (mean±SD)                       62±10                  79±14                 0.026\*
  Admission SBP (mean±SD)                          135±22                 133±29                0.439
  Admission DBP (mean±SD)                          70±14                  72±17                 0.219
  Admission MAP (mean±SD)                          94±18                  94±21                 0.902
  Hypotension n (%)                                407(72)                214(74)               0.280
  Previous beta blocker use n (%)                  85(15)                 46(35)                0.397
  Beta blocker use in the ICU n (%)                204(36)                98(34)                0.300
  Admission GCS n (%)                                                                           
   3-7 n(%)                                        37(7)                  53(18)                0.900
   8-12 n(%)                                       6(1)                   9(3)                  
   13-15 n(%)                                      520(92)                224(78)               
  Inotrops n (%)                                   26(5)                  39(14)                p\<0.001\*
  Vasopressors n (%)                               26(5)                  40(14)                p\<0.001\*
  Anemia n (%)                                     310(55)                186(65)               0.004\*
  Admission MV n (%)                               38(7)                  61(21)                p\<0.001\*
  Hospitalization MV n (%)                         30(5)                  49(17)                p\<0.001\*
  Length of ICU hospitalization (median\[5-95\])   1\[1-13\]              p\<0.05\* 1\[1-8\]    
  Length of hospitalization (median \[5-95\])      2\[1-32\]              9\[1-57\]             p\<0.05\*
  Mortality in ICU n (%)                           17(3)                  30(10)                p\<0.001\*
  Mortality after ICU (%)                          11(2)                  8(3)                  0.291
  Total mortality+ n (%)                           28(5)                  38(13)                p\<0.001\*
  CHARLSON (mean±SD)                               3.3±1.7                3.7±1.8               p\<0.05\*
  APACHE II (mean±SD)                              8.3±8.1                11.6±11.04            p\<0.05\*

BB: beta blocker; HR: heart rate;

ICU: intensive care unit; SD: standard deviation;

SBP: systolic blood pressure,

DBP: diastolic blood pressure; GKS:Glasgow Coma Scale;

MV: mechanical ventilation;

max: maximum; min: minimum.

At multivariate backward stepwise analysis, in terms of the dependent variable of mortality in the ICU, max HR \<100/ minute was identified as one of the two statistically independent variables among age, previous beta blocker use, beta blocker use in the ICU, hypotension, and CHARLSON and APACHE-II scores. (HR\<100/min \[Group I\] β=-0.860 SE=0.436 Wald=3.893 Sig=0.048) ([Table-III](#T3){ref-type="table"}).

###### 

Variables remaining in the equation of multivariate logistic regression analysis on the dependent variable of ICU mortality.

                      B        S.E     Wald     Sig.
  ------------------- -------- ------- -------- -------
  APACHE II           -0.223   0.026   76.234   0.000
  HR\<100 (Group-I)   -0.860   0.436   3.893    0.048
  Constant            8.722    1.052   68.770   0.000

HR: heart rate; ICU: intensive care unit; On the dependent variable of mortality in ICU, max HR \<100/min was found to be one of the two statistically independent variables among age, previous BB use, BB use in ICU, hypotension, and CHARLSON and APACHE-II scores variables

Comparison of the two groups based on beta blocker use revealed no statistically significant differences in terms of age, gender, use of inotropic and vasopressor drugs, length of ICU and hospital stay, mortality in the ICU, total mortality or CHARLSON and APACHE-II scores ([Table-IV](#T4){ref-type="table"}). Patients who used beta-blockers had higher SBP and DBP and more acceptable MAP values compared with patients who did not use beta-blockers. In contrast, the patients who did not use beta-blockers had higher rates of hypotension, anemia and MV application than the patients who used beta blockers (p \<0.05).

###### 

The Comparison of the patients who used and didn't use beta blockers in the ICU Data is presented as mean ± SD, median\[5-95 confidence intervals\] or frequency (%)

                                                   Patients who used beta blockers in ICU n=302   Patients who didn't use beta blockers in ICU n=548   P
  ------------------------------------------------ ---------------------------------------------- ---------------------------------------------------- -----------------------------------------
  Age, years (mean±SD)                             64±12                                          62±11                                                0.168
  Female/Male n(%)                                 152(51)/150(49)                                255(46)/293(53)                                      0.161
  Max admission HR(mean±SD)                        94±18                                          94±20                                                0.871
  Min admission HR (mean±SD)                       68±14                                          68±15                                                0.351
  Admission SBP (mean±SD)                          141±25                                         131±24                                               \<0.001[\*](#t4f1){ref-type="table-fn"}
  Admission DKB (mean±SD)                          73±15                                          70±16                                                0.007[\*](#t4f1){ref-type="table-fn"}
  Admission MAP (mean±SD)                          98±19                                          92±19                                                \<0.001[\*](#t4f1){ref-type="table-fn"}
  Hypotension n(%)                                 201(66)                                        420(77)                                              \<0.001[\*](#t4f1){ref-type="table-fn"}
  *Admission GCS n(%)*                                                                                                                                 
   3-7 n(%)                                        22(7)                                          67(12)                                               0.058
   8-12 n(%)                                       6(2)                                           8(2)                                                 
   13-15 n(%)                                      273(90)                                        471(85)                                              
  Inotrops n(%)                                    21(7)                                          44(8)                                                0.337
  Vasopressors n(%)                                18(6)                                          48(9)                                                0.091
  Anemia n(%)                                      234(78)                                        262(48)                                              \<0.001[\*](#t4f1){ref-type="table-fn"}
  Admission MV n(%)                                21(7)                                          78(14)                                               0.001[\*](#t4f1){ref-type="table-fn"}
  Hospitalization MV n(%)                          20(7)                                          59(9)                                                0.029[\*](#t4f1){ref-type="table-fn"}
  Length of ICU hospitalization (median\[5-95\])   1\[0-63\]                                      1\[1-120\]                                           0.117
  Length of hospitalization (median\[5-95\])       2\[1-80\]                                      3\[1-130\]                                           0.151
  ICU death n(%)                                   12(4)                                          35(16)                                               0.092
  Post ICU death n(%) Hospital death n(%)          9(3) 21(7)                                     21(4) 56(20)                                         0.39 0.06
  CHARLSON (mean±SD)                               3,6±1,7                                        3,4±1,7                                              0.187
  APACHE II (mean±SD)                              8,8±8,6                                        9,57±9,4                                             0.858

p\<0.05; MV: mechanical ventilator; ICU: intensive care unit; SD: standard deviation;

HR: heart rate; SBP: systolic blood pressure, DBP: diastolic blood pressure;

GCS: Glasgow Coma Scale; MAP: mean arterial pressure; max: maximum; min: minimum.

DISCUSSION {#sec1-4}
==========

The results of our study demonstrate that maximum HR\<100/minutes within 24 hours of ICU admission is an independent predictor of ICU mortality, independently of disease severity in a mixed ICU patient population. This retrospective analysis including 850 medical and surgical ICU patients supported the hypothesis that maximum HR\<100/min would be associated with better outcomes in the ICU. Although severity of disease has a direct role predicting mortality, the clinical usefulness of controlling maximum HR within 24 hours of admission as a prophylactic general measure in ICU may reduce mortality.

Following the publication of guidelines supporting beta blocker use in high risk patients undergoing non-cardiac surgery and using beta blockers in many different clinical settings, pre-ICU practitioners and intensivists have become more HR-conscious, and their use has increased.

In our study, patients who used beta blockers before admission to the ICU did not achieve target HRs. Although the use of beta blockers reduced both resting mean and maximal HR in response to exercise and hypoxia, no significant differences were observed in patients using beta blockers in either group. Patients who used beta-blockers had higher SBP and DBP and more acceptable MAP values than those who did not use beta-blockers. In contrast, patients who did not use beta-blockers had higher rates of hypotension, anemia and MV application than those who used beta blockers (p \<0.05). This reflected the limitations of indications for beta blockers, rather than their effects. This showed that beta blockers were not used in some patients because of hypotension, anemia and MV application.

In acute illness, HR generally reflects the severity of the underlying disease and is regarded as a risk marker. Beattie et al. analyzed HR responses and defined the maximal HR as the upper range of HR and assessed the effect of HR on the heterogeneity described in a previous meta-analysis. They reported a significant reduction in the incidence of postoperative myocardial infarction in trials in which patients receiving beta blockers had a maximal HR of \<100/min, whereas in trials where patients had maximal HR greater than 100/min there was no reduction in MI.[@ref10]

Nolte et al. found an independent association between the highest quartile of HR on admission (\>86 bpm) and any deaths, exacerbation of heart failure and a higher degree of dependence in acute stroke patients without atrial fibrillation.[@ref13] Also, previous studies have shown associations between increased heart rate and cardiovascular risk in various populations. In a study, Lonn et al. examined and examined associations between heart rate and cardiovascular events in a contemporary medically optimized population with stable cardiovascular disease. Resting and, in particular, in-trial average heart rate are independently associated with significant increases in cardiovascular events and all-cause death.[@ref14]

Erdur et al. investigated the association between HR measured on admission and early in-hospital mortality in acute ischemic stroke patients. Higher HR on admission was associated with a higher risk for in hospital mortality in age-adjusted logistic regression analysis. Especially patients with HR ≥83 bpm (highest tertile)showed a higher risk for in-hospital mortality compared to the reference tertile (≤69 bpm). HR remained significantly associated with in-hospital mortality in a multiple logistic regression analysis adjusted for age, stroke severity, congestive heart failure, and development of pneumonia.[@ref15]

Our group consisted mainly of postoperative patients who had undergone non-cardiac surgery. In our study, we investigated the threshold limit within 24 hours of admission in our all ICU patients and showed that maximal HR\<100/min at admission was independently associated with decreased ICU mortality. A limit that can be employed generally in mixed ICU patients is practical, yet 100/min is a very commonly used threshold.

Limitations of this study {#sec2-1}
-------------------------

These should be taken into consideration when interpreting the findings. First, it is a retrospective and single-center study. The confounding drug history of some patients should also have been evaluated. However, no detailed drug history was available in some cases. Our population consisted of mostly hypotensive, postoperative, anemic patients with relatively lower APACHE-II scores with short ICU stays, all of which may influence the general applicability of these results.

The strength and primary utility of this analysis is the generation of hypotheses to guide future research concerning the relationship between the tight HR control with beta blockers within 24 hours of admission and mortality in the ICU. Several issues must be addressed in order to achieve adequate control of HR, as this is problematic in many patients. The reasons for inadequate HR are multifactorial and need to be investigated by further studies.

Conclusion {#sec2-2}
----------

HR\<100/minutes within 24 hours of admission to a mixed ICU was correlated with ICU mortality. Although severity of diseases is directly involved in predicting mortality, further studies should be conducted to determine whether controlling maximum HR as a prophylactic general procedure in the ICU can reduce mortality.
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